We demonstrated the optical "zooming" capability of an endoscope lens for multiphoton imaging by using a novel multifocal objective lens design. Multiphoton images with dual field of view and resolution were recorded. OCIS codes: 170.2150 190.4180 Multiphoton microscopy (MPM) is a powerful tool for biological imaging [1] . Compared with confocal imaging, MPM provides greater penetration depth in scattering tissues, and enables imaging of intrinsic tissue fluorescence and harmonic generation. The rapid development and commercialization of MPM in the last decade have provided a solid base for applying MPM to medical applications. As presented in previous reports of multiphoton endoscopes [2, 3] , Medical-Multiphoton Microscopic-Endoscopy (M-MPM-E) can facilitate non-invasive diagnosis of diseased state in situ without resection of tissue, potentially becoming a valuable technology for clinical diagnosis. To enable in vivo medical applications of MPM, however, the development of compact devices is crucial. A significant obstacle for a practical compact endoscope is the requirement of optical zooming capability. During clinical diagnosis, a low magnification with large Field of View (FOV) white light and/or multiphoton imaging can help to select locations for the high-resolution multiphoton imaging required for diagnostic imaging. Clinicians can use large FOV low-magnification imaging to find locations in the tissue which might have disease, and then apply highresolution multiphoton imaging to confirm the diagnosis. While such an optical zooming capability is easily accomplished in a conventional microscope by using multiple objective lenses, achieving the same in a compact endoscope presents a significant challenge.
Multiphoton microscopy (MPM) is a powerful tool for biological imaging [1] . Compared with confocal imaging, MPM provides greater penetration depth in scattering tissues, and enables imaging of intrinsic tissue fluorescence and harmonic generation. The rapid development and commercialization of MPM in the last decade have provided a solid base for applying MPM to medical applications. As presented in previous reports of multiphoton endoscopes [2, 3] , Medical-Multiphoton Microscopic-Endoscopy (M-MPM-E) can facilitate non-invasive diagnosis of diseased state in situ without resection of tissue, potentially becoming a valuable technology for clinical diagnosis. To enable in vivo medical applications of MPM, however, the development of compact devices is crucial. A significant obstacle for a practical compact endoscope is the requirement of optical zooming capability. During clinical diagnosis, a low magnification with large Field of View (FOV) white light and/or multiphoton imaging can help to select locations for the high-resolution multiphoton imaging required for diagnostic imaging. Clinicians can use large FOV low-magnification imaging to find locations in the tissue which might have disease, and then apply highresolution multiphoton imaging to confirm the diagnosis. While such an optical zooming capability is easily accomplished in a conventional microscope by using multiple objective lenses, achieving the same in a compact endoscope presents a significant challenge.
In this paper, we present a novel method of employing a bi-focal endoscope objective lens for multiphoton imaging. The lens has two foci and provides images with different magnification and FOV without any mechanical or optical adjustment of endoscope internal components.
The concept of a designed bi-focal objective lens is illustrated in fig. 1(a) . Fig. 1(b) shows the refractive bi-focal lens with a 4.0 mm outside diameter fabricated according to fig. 1(a) . Fig. 1(a) . Schematic diagram of the optical properties of the bi-focal lens. A point light source is optically conjugated simultaneously with the two foci of the lens. Fig. 1(b) . Top view of a bi-focal lens packaged in a lens holder. The center and peripheral optical zones are indicated.
The inner optical zone has a 2.3 mm diameter while the peripheral optical zone covers the remaining of the lens area. Rays emitted from a fiber tip (or from a microscope objective) that passes through the peripheral area would refract differently compared with rays passing through the lens within the center zone. In the experiment, the two optical zones of the designed bi-focal endoscope objective lens have 1.3X and 9X magnification with a numerical aperture (NA) of 0.18 and 0.45, respectively. The bi-focal endoscope objective could provide images with FOVs of 1.2 mm by 1.2 mm and 173 µm by 173 µm. ) illustrates the experimental setup for testing the bi-focal lens. The beam from a pulsed femtosecond laser (Mai-tai, Newport) is reflected by a dual-axis scan mirror, and is focused by a microscope objective. The laser beam is then refracted by the bi-focal lens package into two foci. The bi-focal lens images the scan field of the objective lens into two image fields with numerical aperture of 0.18 and 0.45, respectively. Fig. 2 (a) . Schematic diagram of the experiment setup for multiphoton imaging with large FOV and low-resolution. Fig. 2 (b) . Schematic diagram of the experiment setup for multiphoton imaging with high-resolution and small FOV. Figure 2 (a) and (b) show the methods of multiphoton imaging with large FOV, low-resolution and high-resolution, small FOV. In both cases, except for the sample position, there is no optical or mechanical alteration inside the lens package or other parts of the imaging system, which enables a compact configuration in clinical endoscope instrumentation. By adjusting the distance between the distal objective lens and the sample, images with two different FOVs and resolutions are obtained. Fig. 3 (a) . Two-photon image of 6-µm beads with large FOV and low-resolution. Fig. 3 (b) . Two-photon image of 6-µm beads with highresolution and small FOV.
Figure 3 (a) shows large FOV and low-resolution two-photon images of 6-µm beads fixed in agarose. The image, which is 512 by 512 pixels, was taken by the setup illustrated in fig. 2 (a) with an NA of 0.18 and a 1.2 by 1.2 mm FOV. The excitation power (at 800 nm wavelength) at the sample is 5.6 mW. Figure 3 (b) shows a two-photon image of the same sample obtained by the high-resolution (NA equals 0.45) setup illustrated in fig. 2 (b) . Image size is 512 by 512 pixels, and the FOV of the image is 173 µm by 173 µm. In the high-resolution image, 2 mw laser power is focused to the sample. Both images were taken at a frame rate of 1Hz.
The inherent axial sectioning capability of MPM ensures that there is negligible out-of-focus background generation, removing the cross talk between the two imaging modes. Thus, multiphoton imaging is well suited for such a bifocal lens design.
We demonstrated the optical "zooming" capability of an endoscope lens for multiphoton imaging by using a novel multifocal objective lens design. Multiphoton images with dual field of view and resolution were recorded
